We determined the frequency of graft-versus-host disease (GvHD) and overall survival (OS) in sex matched vs mismatched transplant. Methods: Medical records were analyzed of patients undergoing transplant from 2004 to 2016. Variables included age, sex of patient and donor, indication, conditioning regimen, stem cell source, frequency of GvHD and OS. Results: We performed n = 162 allogeneic stem cell transplants. The most common conditioning regimen was busulfan/cyclophosphamide (n = 64). There was no difference in the frequency of GvHD in both groups. The transplant related mortality was higher (8.7%) in sex-mismatched transplants. The OS in both groups was similar. Conclusion: Our study showed higher transplant-related mortality in sex-mismatched transplant. There was no difference in GvHD and OS in both groups.
Hematopoietic stem cell transplant is a potential curative treatment option for benign and malignant hematological diseases [1] . The most critical factor in determining the outcome of transplant is based on the degree of human leucocyte antigen (HLA) disparity [2] . However, the development of morbidity and mortality secondary to transplant procedure depends on factors other than HLA matching as well. The preferred choice for 10/10 match is an HLAmatched sibling donor. In a developing country like Pakistan, where large family sizes are common, patients may have more than one HLA-matched sibling donor. Thus, in such circumstances, it is necessary to consider factors other than HLA typing for best possible outcome of procedure. These other factors include ABO compatibility, cytomegalovirus status, age of donor, sex and parity [3] . The factors found to be most debatable include sex and parity [4] .
Several studies have demonstrated that recipient minor histocompatibility antigens (H antigens) are the targets of donor T cells mediating graft-versus-host disease (GvHD) and graft versus leukemia (GvL) effect [5] . These minor H antigen peptides arise from cellular proteins of polymorphic genes that are different in recipient and donor. These differing peptides are presented to CD8 + and CD4 + T cells of major histocompatibility complex 1 and 2, respectively [6] . The male H-Y antigen, part of the minor H antigen in humans, the expression of which is limited to hematopoietic cells, mainly leukemic cells, is responsible for the GvL effect. In the setting of a female donor to male recipient stem cell transplant, donor T cells encoding minor H antigens which are specific for genes on recipient Y chromosome may be present and subsequently lead to the GvHD and GvL effect. Genes on the Y chromosome encoding these H antigens have already been identified and their roles in GvHD and GvL are being investigated [7] .
A review of literature has shown an increased risk of acute or chronic GvHD in sex-mismatch transplants [8, 9] . Bross et al. published results of n = 136 patients in which the development of Grade II-IV acute GvHD was seen in 71% of patients who received a sex-mismatch transplant [10] . Similarly, Randolph et al. did a retrospective review in n = 3238 patients undergoing HLA-matched sibling donor transplant after receiving myeloablative regimen. Statistically significant odds ratio was obtained in male patients receiving allografts from female donors for Grades II-IV acute GvHD and extensive chronic GvHD [11] .
On the other hand, an increased incidence of GvHD in sex-mismatched transplants also leads to decreased risk of disease relapse, subsequently leading to increased overall survival (OS). Gratwohl et al. [12] has shown in a cohort of n = 782 patients with chronic myeloid leukemia in chronic phase that male recipients of female bone marrow or peripheral blood grafts are at higher risk of GvHD but decreased risk of disease recurrence, thus suggesting the importance of GvL effect.
At the Aga Khan University's (Karachi, Pakistan) bone marrow transplant unit, allogeneic and autologous stem cells transplants are being performed since 2004. Though we have previously published the initial outcome of stem cell transplant procedure for benign and malignant hematological diseases [13] , the objective of this study was to determine the frequency of GvHD and the OS of patients who underwent a sex matched versus sex mismatched transplant.
Materials & methods
All patients with nonmalignant and malignant hematological disorders with HLA-matched donors were selected for the procedure.
Stem cell mobilization
All donors were given granulocyte-colony stimulating factor at a dose of 5 μg/kg twice daily for 5 days prior to harvest. Patients whose donors were younger than 5 years old received bone marrow only as the stem cell source. A combination of peripheral blood and bone marrow stem cells were harvested in patients with aplastic anemia. Apart from this, the main source of stem cells was peripheral blood.
Conditioning regimen
All patients with β-thalassemia major, acute myeloid leukemia in first complete remission, chronic myeloid leukemia, biphenotypic leukemia and Philadelphia negative acute lymphoblastic leukemia received oral Busulfan (4 mg/day for 4 days) and Cyclophosphamide (60 mg/kg/day for 2 days) as conditioning chemotherapy until 2015, after which intravenous Busulfan (3.2 mg/kg/day for 4 days) was used. Hyperchelation protocol was used in patients with class III β-thalassemia major. Total body irradiation (1.5cGY × twice a day) and Cyclophosphamide (60 mg/kg/day for 2 days) was used in patients with Philadelphia positive acute lymphoblastic leukemia, relapsed leukemia, FLT-3 positive acute myeloid leukemia and patients with one-antigen mismatch donors.
In aplastic anemia, antithymocyte globulin (10 mg/kg/day for 3 days) and Cyclophosphamide (50 mg/kg/day for 4 days) was used. We used post-transplant cyclophosphamide on days +3 and +4 (50 mg/kg) in patients who underwent a haploidentical transplant procedure.
Infectious disease prophylaxis
Patients were admitted in protective isolation equipped with a high efficiency particulate air filter, positive pressure and laminar airflow ventilation. Standard prophylaxis with Ciprofloxacin (500 mg twice daily or 20-30 mg/kg/two divided doses), Voriconazole (200 mg once daily or 6 mg/kg/day) and Valaciclovir (500 mg twice daily or 10 mg/kg twice daily) was started in all patients on day 5. All patients were provided with a neutropenic diet.
Graft-versus-host disease prophylaxis
Intravenous cyclosporine was started on day-1 and drug levels were monitored. Optimum adult range was 200-250 ng/dl. For pediatric patients, levels were maintained between 150-200 ng/dl. Methotrexate (15 mg/m 2 ) was administered on day +1, while 10 mg/m 2 was given on days +3 +6. In haploidentical transplants, dual immunosuppression was given with mycophenolate mofetil (15 mg/kg twice daily) and tacrolimus (0.12 mg/kg in two divided doses). Irradiated blood products were used throughout admission. Grading of GvHD was done according to the Glucksberg classification.
Statistical analysis
All the data was entered on SPSS version 22 (SPSS Inc., IL, USA) for computing means, standard deviation and range of all descriptive variables. χ 2 was used to compare variables and Kaplan-Meier survival curves were used to determine OS. The level of significance was 0.05. 
Results
From April 2004 till December 2016, we had performed 162 allogeneic transplants. This included 118 males and 44 females. The median age ± standard deviation (range) was 18 ± 13.12 (2-59 years). There were 92 patients in the adult age group and n = 70 pediatric patients (the indications and stem cell source for transplant with respect to sex is given in Table 1 ). The most frequently used conditioning regimen was busulfan/cyclophosphamide in 64 patients, followed by antithymocyte globulin and cyclophosphamide in 56 patients. All patients received a myeloablative-conditioning regimen. Eighteen patients received cyclophosphamide and total body irradiation as part of the conditioning regimen. Haploidentical protocol was used in five patients. Peripheral blood was used as a source of stem cells in 94 patients, while bone marrow stem cells were used in 23 procedures. A combination of bone marrow and peripheral blood stem cells was used in 45 patients. We performed 115 (71%) same sex transplants and 47 (29%) sex-mismatched procedures. The results showed that GvHD was present in 23 patients (14.6%) in the same sex group while 20 patients (12.7%) developed GvHD in the sex-mismatched group (p = 0.7986). The direction of mismatch is given in Table 2 .
Multivariate analysis was performed between age, source of stem cells, GvHD, relapse of disease and presence of sex mismatch. None of the variables were found to be statistically significant.
The transplant related mortality (TRM) was calculated at day 100. The cumulative frequency of TRM was 5.8% in patients who received a sex-matched transplant, while it was 8.7% in patients who had a sex-mismatched donor (p < 0.0001). The main causes of higher mortality in sex-mismatched transplant were hepatic and renal toxicity, sepsis and sinusoidal obstructive syndrome. Mortality due to disease relapse was present in 13% of patients, out of which 5% was in the sex mismatch and 9% in the sex-matched group. In patients who received a sex-matched transplant and developed GvHD, the cumulative frequency of TRM was 12.1% while those who received a sexmismatched transplant and developed GvHD, the cumulative frequency of TRM was 9% (p = 0.16). In contrast, patients who received a sex mismatch transplant but did not develop GvHD, the cumulative frequency of TRM was 6.0% while those with same sex transplant who did not develop GvHD the TRM cumulative frequency was 8.0% (p = 0.08). The OS in both groups evaluated at 1 year was approximately 56% (Figure 1) .
Discussion
This is the first study from Pakistan to determine the outcome of sex matched vs mismatch allogeneic transplants in benign and malignant hematological disorders. In our cohort, 95% of patients underwent the procedure with complete HLA matched donor while 5% were one and/or two allele mismatched with their donors. Our results did not show a statistically significant correlation between the presence of GvHD and donor/recipient sex combination. These results are in contrast to previous studies which have reported that sex mismatch transplants have the highest odds of developing GvHD due to the GvL effect [14, 15] . However Friedrich et al. reported no evidence of chronic GvHD in young donors who received a sex mismatched but 6/6 HLA-matched donor grafts [16] . Our cohort was similar to this as median age in our patients was 18 years and majority were complete HLA matched with their donors. These results suggest that in young hematopoietic stem cell transplant patients who are HLA matched, donor-recipient sex mismatch becomes insignificant to the outcome of the procedure.
Sex-mismatched transplant have traditionally been described to be associated with high incidence of TRM, particularly in patients receiving bone marrow as a source of stem cells [17] . In our patients, the TRM of patients receiving a sex-mismatched transplant was higher (40%) than the same sex group. Previous studies have reported similar results for example, Gallardo et al. concluded that a combination of female donor and male recipient leads to increased risk of GvHD, higher TRM and lower OS [18] .
In both the groups of our study, the OS was similar i.e. approximately 56%. In 2015, Kongtim et al. reported in a group of 174 patients, female to male transplant procedures affected survival due to increase in nonrelapse mortality of 23.2% [19] . Nannya et al. have also reported similar results with a hazard ratio of 1.84 in female to male transplants [20] . Our results are in contrast to these studies and others reported in literature. The explanation to this could be attributed to the fact that our main clinical indications of performing stem cell transplant include βthalassemia major and aplastic anemia. While in the western population, the main indication is leukemia, indicating a disparate study population. Furthermore, we have used peripheral blood stem cells as the major source of graft, while in both the studies mentioned above, the poor outcome was associated with the use of bone marrow stem cells. Also, as reported by us previously [13] , there is a decreased incidence of GvHD in our population, therefore decreasing the non relapse mortality and subsequently leading to increased survival. Our data indicates that there was no difference in non relapse mortality between patients with or without GvHD in both groups. This is likely because, in our cohort, factors other than GvHD have caused morbidity and mortality in both groups. These factors include organ toxicities secondary to chemotherapy, sepsis and sinusoidal obstructive syndrome. Although this is the first study from Pakistan to report the outcome of sex match/mismatch transplant, a major limitation is its retrospective nature and heterogeneity of the cohort.
Conclusion
After HLA matching, there are several factors to consider when selecting a donor for hematopoietic stem cell transplant. Our study showed no correlation between sex match versus mismatch transplants with respect to GvHD and OS. We conclude that sex of the donor should not be considered in the donor selection algorithm until we have a better insight into the biology of sex-based alloreactivity.
Summary points
• Donor sex and parity remain to be the most debatable factors to determine the outcome of allogeneic stem cell transplant. • Increased graft-versus-host disease (GvHD) in sex-mismatched transplants leads to decreased risk of relapse with increased overall survival. • All patients in our cohort received a myeloablative conditioning regimen.
• Our study showed an increased transplant related mortality (40%) in sex-mismatched transplant, the main cause of which was not GvHD. • Mortality due to disease relapse was higher in sex-matched group.
• There was no statistically significant difference in both groups with respect to transplant-related mortality due to GvHD. • The overall survival at 1 year was similar in both groups.
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